Abstract There is limited data regarding the risk factors of postoperative upper GI bleeding (UGIB) in patients undergoing colorectal resection. We sought to identify risk factors of UGIB after colorectal resection. The NIS database was used to evaluate all patients who had colorectal resection complicated by UGIB between 2002 and 2010. Multivariate analysis using logistic regression was performed to quantify the association of preoperative variables with postoperative UGIB. We sampled a total of 2,514,228 patients undergoing colorectal resection, of which, 12,925 (0.5 %) suffered a postoperative UGIB. The mortality of patients who had UGIB was significantly greater than patients without UGIB (14.9 vs. 4.7 %; OR, 3.57; CI, 3.40-3.75; P<0.01). Patients suffering from UGIB had an associated 14.9 % inhospital mortality. History of chronic peptic ulcer disease (6.75; CI, 5.75-7.91; P<0.01) and emergency admission (OR, 4.27; CI, 4.09-4.45; P<0.01) are associated with UGIB. Duodenal ulcer as the source of bleeding is a mortality predictors of patients (OR, 1.71; CI, 1.49-1.97; P<0.01). Postoperative UGIB occurs in less than 1 % of colorectal resections. However, patients suffering from postoperative UGIB are over three times more likely to die. Chronic peptic ulcer disease and emergency admission are respectively the strongest predictors of postoperative UGIB.
Introduction
Postoperative upper GI bleeding (UGIB) is associated with significant morbidity and increase in expenditures, prolonged hospital stay, and greater than 50 % mortality rate. 1 -6 It is important to recognize risk factors prior to operation to attempt to decrease the morbidity and mortality of these patients.
A number of previous studies have identified risk factors influencing UGIB rate in critically ill patients, with the goal of controlling morbidity and mortality. Some of the UGIB predictors include male gender, age greater than 60, sepsis, liver disease, coagulopathy, chronic active gastritis, chronic renal failure, respiratory failure, glucocorticoid administration, history of peptic ulcer, diabetes mellitus, Helicobacter pylori infection, intensive care unit hospitalization, and mechanical ventilation more than 24 h. 5 , 7 -11 Most previous studies are limited in their conclusions due to the small size of the index population. Hence, there is limited information regarding postoperative UGIB predictors in surgical patients. 12 , 13 The incidence of postoperative UGIB has been reported between 0.22 and 8 % in surgical procedures.
3 , 4 The wide variance of incidence of postoperative UGIB is related to the difference in the prevalence of risk factors in the patients according to the patient's pathology or procedure. 14 Additionally, many of the reports are from an era when nasogastric tubes and prolonged NPO states were routine. A large nationwide study analyzing the contemporary rate of UGIB in postoperative colorectal surgery is lacking. Therefore, we aim to report on the incidence, risk factors, and outcomes of UGIB in patients undergoing colorectal surgery.
Materials and Methods
This study was performed utilizing the nationwide inpatient sample (NIS) database from January 1, 2002 to December 31, 2010. The health-care cost and utilization project NIS is an inpatient care database that contains information from nearly eight million hospital stays each year across the USA with an approximately 20 % stratified sample of the American community, nonmilitary, and nonfederal hospitals, resulting in a sampling frame that approximates 95 % of all hospital discharges in the USA. 15 Approval for use of the NIS patientlevel data in this study was obtained from the NIS. We evaluated patients who had undergone colorectal resections for the diagnosis of benign or malignant colorectal tumors, diverticular diseases, and ulcerative colitis using the appropriate procedural and diagnosis codes as specified by the International Classification of Diseases, 9th Revision, Clinical Modifications (ICD-9-CM). Patients who had colorectal procedures were defined based on the following ICD-9 codes: 17. Preoperative factors that were analyzed include patient characteristics (age, sex, and race), admission type (emergent vs. elective), patient comorbidities (history of peripheral vascular disorders, congestive heart failure, chronic peptic ulcer disease, chronic pulmonary disease, chronic renal failure, hypertension, diabetes mellitus with or without complications, liver disease, chronic lung disease, coagulopathy, alcohol abuse, and weight loss more than 10 % in last 6 months), pathologic conditions (colorectal cancer, diverticulosis or diverticulitis, ulcerative colitis, and benign colorectal tumor), surgical type (total colectomy, right colectomy, transverse colectomy, left colectomy, sigmoidectomy, multiple s e g m e n t a l r e s e c t i o n s o f t h e co l o n , c e c e c t o m y, abdominoperineal resection of the rectum, and anterior resection of the rectum), surgical techniques (laparoscopic vs. open), and sources of the bleeding (gastric ulcer, duodenal ulcer, gastritis or duodenitis,, Dieulafoy's lesion, and angiodysplasia). The overall rate of postoperative UGIB following colorectal resection, the rate of postoperative UGIB by procedure type, and admission type were examined. Riskadjusted analysis was performed to identify independent predictors of postoperative UGIB following colorectal surgery and relation between the source of the bleeding and mortality of the patients. Female gender, age less than 70 and 54 years, Caucasian race, abdominoperineal resection of the rectum, open surgery technique, benign colorectal tumor, gastric ulcer, and elective admission were used as reference data points for comparison in line with the literature. 
Statistical Analysis
Statistical analysis was performed with SPSS® software, Version 19 (SPSS Inc., Chicago, IL). The chi-square test and t test were used to evaluate relationships between variables and postoperative UGIB. P values less than 0.05 were considered statistically significant and the adjusted odds ratio (OR) with a 95 % confidence interval was calculated to determine the combined effect of various preoperative factors on postoperative UGIB. Logistic regression analysis was used for inhospital mortality. Patients with missing data points were excluded from final analysis. Univariate and multivariate statistical analysis were conducted on unweighted numbers. Discharge weight (DISCWT) was used to create national estimates for all analysis.
Results
A total of 2,514,228 patients underwent colorectal resection during January 1, 2002 and December 31, 2010. The mean age of patients was 63 years and 37.9 % of the patients were ≥70 years old. The majority of the patients were white (79.3 %) and female (53.3 %). Most common comorbidities include chronic lung disease (15.4 %) and diabetes mellitus (15.1 %). Demographic data of patients are reported in Table 1 .
Among patients undergoing colorectal resection, 12,925 (0.5 %) had a postoperative UGIB. Compared to the rate of postoperative UGIB in elective admission emergent admission was associated with a nearly five times higher rate of postoperative UGIB (0.9 vs. 0.2 %; OR, 4.27; P<0.01). The overall hospitalization length for colorectal resection patients was 11±12 days. The mean length of stay in the hospital for patients with postoperative UGIB was 24±18 days compared to 11±8 days in patients who did not suffer from a postoperative UGIB (P<0.01).
The mortality rate in patients with postoperative UGIB group was 14.9 vs. 4.7 % for patients who did not experience postoperative UGIB (OR, 3.57; CI, 3.40-3.75; P<0.01). When compared to patients without postoperative UGIB, patients who experienced postoperative UGIB had a higher mean total hospital charge ($168,509 vs. $68,003, P<0.01).
The risk-adjusted analysis for factors associated with postoperative UGIB is reported in Tables 1 and 2 There was a statistical correlation between the age of patients and postoperative UGIB as shown in Fig. 1 . The incidence of UGIB in patients younger than 50 years old is 0.2 % and this rate increases to 0.4 % in patients between 50 and 70 years old and reaches 0.8 % in patients older than 70 years (P<0.01).
The most common source of bleeding in the upper GI tract was gastritis or duodenitis (35.1 %) followed by gastric ulcer (27.8 %), and duodenal ulcer (15.6 %). The highest mortality rate associated with source of bleeding was duodenal ulcer (24.1 %), and there was an association between duodenal ulcer as the source of the bleeding and mortality of patients. (OR, 1.71; CI, 1.49-1.97; P<0.01) ( Table 3) .
Discussion
Postoperative UGIB following colorectal resection operations is associated with a poor prognosis, significant mortality rate, and an observed increase in hospital charges and hospitalization period. The inhospital mortality rate of patients undergoing colorectal operation who suffer postoperative UGIB was more than three times higher than in patients who did not experience postoperative UGIB (14.9 vs. 4.7 %). Also, postoperative UGIB is associated with more than double the mean hospital charges ($167,392 vs. $68,003) and hospitalization length of the patients (24 vs. 11 days).
We found a 0.6 % incidence rate of postoperative UGIB in colorectal resections which is in the line of 0.7 % previously reported in the literature. 5 The overall mortality rate of patients undergoing colorectal resection was 4.7 %, which is similar to the previously reported mortality rates of 4.5 % and 4.6 % in the literature.
17 , 18 Callahan with a study of 48,582 patients who underwent colorectal resection reported inhospital mortality of 4.6 %. 17 Also, this study found that the mortality rate increases to 14.9 % in patients who suffered from postoperative UGIB.
The mortality rate of patients with postoperative UGIB in this study (14.9 %) is higher than the overall mortality rate reported for upper gastrointestinal bleeding (5.4 %). 19 This could be related to the higher prevalence of mortality predictors in colorectal patients or more likely is due to the added stress of the index operation. 6 Marmo et al., in an evaluation of 1,263 patients, introduced predictive factors of mortality in upper gastrointestinal hemorrhage. They reported that in the absence of any risk factors, the mortality rate is 0.7 % and the mortality rate increases to 23.1 % in the presence of two or more predictors. 6 The overall hospitalization length for patients who underwent colorectal resection was 11 days, and this is lower than the previously reported length of hospital stay for colorectal resection patients in select literature. 20 Kelly et al. with a study of 8,192 patients who underwent colorectal resection 20 Also, we found that the mean length of stay in the hospital is doubled in patients with UGIB.
Utilizing the power of the large NIS database, this study identified significant predictors of postoperative UGIB for colorectal resection operations. These predictors are divided into five subgroups which include patient-specific factors [age, male sex, race (Asian, Pacific Islander, Black, and Hispanic)], comorbidities (chronic peptic ulcer disease, coagulopathy, chronic renal failure,, weight loss, congestive heart failure, diabetes with complication, alcohol abuse, liver disease, and chronic lung disease), procedures (total colectomy and transverse colectomy), pathology (colorectal cancer), admission type (emergent admission), and procedure technique (open surgery).
This study confirms the previously reported risk factors of postoperative UGIB of male sex, liver disease, coagulopathy, chronic renal failure, and history of peptic ulcer as significant risk factors of postoperative UGIB. Our data also confirms the Klebl study which reported diabetes as a risk factor of UGIB 10 ; however, the association between diabetes and postoperative UGIB only exists in diabetes with complications, and there is no correlation between postoperative UGIB with diabetes without complication in colorectal patients.
Our data on patient-specific factors shows that an Asian or Pacific Islander man older than 70 years has the highest chance of postoperative UGIB. This is in line with the literature. 11 Our study identified race (Asian or Pacific Islander, Black, and Hispanic) as a predictor of postoperative UGIB most likely due to the large number of patients in the database.
The highest risk of postoperative UGIB in colorectal resection exists in total colectomy procedures followed by transverse colectomy. Perhaps, this can be partially related to the interruption of the blood supply to the stomach and resultant relative ischemia during these two procedures.
The presence of colorectal cancer is a predictor of postoperative UGIB in this study. Using benign colorectal tumor as the reference, this study shows obvious correlation between postoperative UGIB and malignancy, with an odds ratio of 1.59. The risk decreases in benign diseases such as diverticulitis. Patients with risk factors of postoperative UGIB who will have colorectal procedures for malignancy warrant consideration of specific preventive methods of UGIB before surgery.
The most common pathology of UGIB in this study was gastroduodenitis followed by gastric ulcer. Furthermore, amongst patients with previous history of gastric ulcer, the most common source of the UGIB was gastric ulcer and this is in line with the literature. 16 Dixon et al., in a review of 409 patients with bile duct obstruction, introduced gastric erosions as the most common site of bleeding. 16 Importantly, our data shows that the duodenal ulcer as a source of UGIB is a predictor of UGIB mortality (Table 3 ).
Our data also shows that emergency admission increases the risk of postoperative UGIB to fivefold. Because of the restriction of our data, we could not distinguish emergent vs. urgent/nonemergent operation in patients with emergency admission; however, there is obvious correlation between emergency admission and postoperative UGIB.
Open surgery is an independent risk factor of postoperative UGIB compared to laparoscopic surgery in colorectal resections. Kang et al., in a nationwide review of laparoscopic surgery, observed that the rates of postoperative pulmonary and urinary complications are lower in laparoscopic colorectal procedures compared to open procedures. 21 According to our data, the chance of postoperative UGIB decreases in laparoscopic procedures is decreased as well.
Age is a predictor of postoperative UGIB in colorectal surgery. Each year increase in age of patient was found to be associated with a 3 % increase rate of postoperative UGIB. In an analysis of the age cutoff points, patients older than 69 years had 2.22 times higher risk of UGIB than patients younger than 69 years. The highest increase in the rate of UGIB exists at the cutoff point of 54 years (OR, 2.49; P<0.001).
Based on the study findings, we recommend intensive prophylaxis treatment for UGIB in patients who undergo total colectomy and transverse colectomy procedures, emergently admitted patients, and patients with a history of peptic ulcer disease, CRF, or coagulopathy. The age of 55 years is recommended by this study as the cutoff point to distinguish high 
Study Limitations
This study is a large retrospective review and is therefore subject to typical inherent biases for retrospective studies such as selection bias. Data in this study was extracted from the NIS database that collects information from over a thousand hospitals and surgeons in the USA, and there is a wide variety in hospital setting and surgeons' expertise that can affect the study. Due to the restriction of the database, some potentially important preoperative risk factors of postoperative UGIB were not included in this study (i.e., glucocorticoid administration, sepsis, intensive care unit hospitalization, and H. pylori infection). 12 , 13 Patients cannot be tracked, we do not have data beyond the index hospital admission, and we lack outpatient follow-up data and long-term outcomes. Also, coding errors may exist because of the use of discharge data (ICD-9 codes). 22 Mortality rates of patients may be underestimated since the NIS only has information about inhospital mortality and the 30-day mortality rate is unknown. Although an admission may be designated as emergent/ emergent, we cannot discern if this equates to an emergent/ emergent operation. Despite these limitations, this study is the first to report on postoperative UGIB in colorectal resection procedures specifically in this population subset.
Conclusion
Colorectal resection operations complicated by postoperative UGIB are uncommon (incidence rate of 0.5 %) but carry an associated mortality rate of 14.9 %. We identified 21 significant predictors of UGIB for colorectal resection operations. Specific considerations to decrease risk factors when possible and intensive prophylaxis treatment for UGIB in patients with multiple risk factors are recommended.
Age is an independent predictor of postoperative UGIB following colorectal resection. Total colectomy and transverse colectomy carry a higher relative risk of postoperative UGIB compared to other colorectal procedures. Operation for malignancy is an independent predictor of postoperative UGIB. The most common sources of postoperative UGIB in colorectal resection procedures are erosions in the gastric or duodenal area. Duodenal ulcer as a source of postoperative UGIB is a poor prognostic factor with the highest mortality rate compared to other sources of the postoperative UGIB.
